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AnHOTanus. Ilpemynaraercs aHAIUTUYECKMH METOJ pacyeTa I1apaMeTpPOB BIIAKHOIO
BO3/lyXa, KOTOpPBIC 10 CHX IOp OIPEICISIIOTCS C MOMOIIBI0 1d-auarpaMMbl. DTOT METOA MOXKET
OBbITh HUCIOJIb30BaH ISl pacyeTa YCTPOUCTB U CUCTEM KOHJIMIIMOHUPOBAHUS BO3yXa, HE MOJIb3YSICh
Ipy ITOM YKa3aHHOW auarpammoi. [lorpemrHocTs pa3paboTaHHBIX (GOpPMYJ MpUEeMIIeMa IS
MIPAKTUYECKUX PACYETOB, YTO MO3BOJISET MIPOCKTUPOBATh CUCTEMbI KOHIUIIMOHUPOBAHUS BO3AyXa C
IIOMOILBI0 KOMITBIOTEPHOM IIPOTrPaMMBI.
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Abstract. An analytical method is proposed for calculation of parameters humid air, which
as up to now calculation with the help of id-diagram. This method it is possible for calculation of
the arrangements and air-condition systems without stated diagram. The error of working out
formulas is acceptability for practical calculations and enable project air-condition systems with the
computer program.
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BBeaenue

3a mocienHee BpeMs CYIIECTBEHHO YCOBEPUIEHCTBOBAaHBI METOABI pacyera CHCTEM
koHauIronupoBanus Bosnayxa (CKB), a Takke Apyrux TEIUIOBBIX U adPOTHAPOJIUHAMHYECKHIX
TEIIoMaccOOMEHHBIX ammapaToB. [IpoekTupoBaHue yCTpONCTB, B KOTOPHIX B KauecTBEe pabouero
TeNa WCIONB3YeTCs BO3MYyX, TPYIHO TPEACTaBUTh Oe3 wucmosb3oBanus Id-guarpammer. C ee
MTOMOIIIBI0 MOYKHO TpadUUYeCKH PacCUUTATh COCTOSTHHE BIIAXKHOTO BO3AyXa Ha KaKJIOM JTare €ro
00paboTKH, OMpPENeNIUTh HEOOXOAMMYIO MOIIHOCTh CYIIMJIBHBIX M XOJOJWJIBHBIX YCTaHOBOK,
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BO3yXOO00OMEH B MPOMBIIIJICHHBIX, CIIOPTUBHBIX, aIMUHUCTPATUBHBIX, JKWIBIX U APYTUX 3/1aHUSAX U
T.J.

IIpu >TOM BCe pacyerThbl, KacaroUIUMecs OCHOBHBIX I1ApaMETPOB BO3AyXa, BEAYTCA C
HOpUMeHEeHHeM i0-IuarpaMMbl, KOTOpas MOJIOKEHA B OCHOBY TIpa(OaHAIUTHYECKHX METOJI0B
pacuera. YKa3zaHHas AMarpaMmMa, IOCTPOEHHAs JJIA BIaXKHOI'O BO3AYyXa, IMO3BOJIAET IIPOCIECINUTD 32
U3MEHEHUEM BCEX €ro IapameTpoB, 3a4aBasCh [IByMs H3BECTHBIMM 3HAUEHUSAMH U3 KOTOPBIX,
MOHO OIIPENEIIUTh BCE OCTAJIbHBIC.

[Tpumenenue rpadoaHaJIUTHUECKUX METOAOB HE Bcerna yAoOHO, TaK Kak 3aTpylHseTcs
BBIIIOJIHEHHUE PAacueTOB Ha KomubroTepe. [IpeuraraeMplii aHaTUTUYECKUNA METOJL pacdyeTa yCTpaHseT
9TOT HEIOCTATOK, KPOME TOrO, MOSBIISCTCS BO3MOXKHOCTh MAaT€MAaTHYECKOIr0 MOIEIUPOBAHMS U
YIpaBJIEHUS YKa3aHHBIMHU IIPOLIECCAMU U allllapaTaMy B PEaJIbHOM MaclITabe BpEMEHHU.

Onpenesnenue napaMeTpoB BJIAKHOTO BO31yXa C OMOIIBIO (hOpMY.JI

B cootBerctBuu ¢ id-guarpamMmoii, npuBEACHHOW B Jjutepatype [l], s pasnuvHbIX
3HA4eHUH BIArOCOAEP)KaHUs, SHTAIBIINU, OTHOCUTEJIIBHOM BIIAXXHOCTH M TEMIIEpAaTypbl aBTOPOM
ObUTH pa3paboTaHbI CIIEAYIONINE MaTEMAaTHIEeCKHE (POPMYJIBI.

OHTalBIUS BJIAXKHOIO BO3[yXa, €CIM M3BECTHAa €ro TeMIleparypa M BIArocojepkaHue,
MOsKeT ObITh Haiizena crenyrommm obpaszom (i = f(t, d))

i =(0,0022d + 0,998)t + 2,467d + 0,661, (1)

rae | — SHTaIbIMs BIKHOTrO Bo3ayxa, kJDk/kr; t — ero temmeparypa, °C; d — Biarocoaepxanue,
T/KT.

[Tpu wusmenenuu temmepatypsl oT 14 go 100 °C u Bnaroconepxkanus ot 10 go 110 r/kr
CpeIHsIsl OTHOCUTEIIbHAS TIOTPEITHOCTh YKa3aHHOU (Gopmyisl cocrapisiet 0,4 %.

Ecnu u3BeCTHBI 3HAYEHUS TEMIEPATYPhl M BIAKHOCTU BO3/1yXa, TO DHTAJBIHUS MOKET OBITh
Haiinena u3 soipaxenus (i = f(¢,t))

i=(37-10"3¢p + 0,85)t + (0,976 Ing + 60 0,306t
(¢ + 100)

—0,12(8-1075¢® — 1,65 - 10 2¢? + 0,59 + 26,3),

0,19¢
+ 1,828) : (— + 1,102)
@+ 56

()

rae | — SHTambNHs BIAKHOTO Bo3ayxa, kJDk/kr; t — ero temmepatypa, °C; ¢ — OTHOCHTENbHAsI
BJIaKHOCTH, %.

[Ipu u3menenun temneparypsl or 0 g0 100 °C u Bmaxuoctu oT 5 mo 100 % cpemnss
OTHOCHUTEJIbHAs MOTrPEIIHOCTh MO AaHHOW (opmyine coctaBnseT 3 %. 3aMeTuM, 4TO MOTPELIHOCTD
MoBBIIIAeTCsl Npu NpubmkeHuu Ttemneparypbl k 0 °C, xorga nake HeOOsbIIME OTKIOHEHUS
pe3yJbTaTa OT 3HaUeHHH Ha uarpaMMe JaloT OLUIyTUMOE YBEIHMUEHHE MOTPEIIHOCTH.

3aBHCUMOCTh BJIQKHOCTH BO3AyXa OT BEIWYMH OJHTAJIBIIMA W  BJIArocoACp:KaHUs

BhIpakaeTcs cieyromeit popmymnoit (¢ = f(i,d))

1,73(d + 5,3)%2
5 + (1)2,44-

4,8

@ =[0,8d"® +18d%? +1,1—5-10"20¢1° | - 515

2,3_
—0,05(i+M—.79—4,22d+22,84—6;—f—o,88-10—15dS)

- (0,001d%85 — 0,07d + 6)
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0,07
— (0,0145d —9-.107*d%81 +9-1077d33 — 2,3- 10710445 — 82 - 10~15d7 + 0, y )
122 160 vy
— o * 7o — 424 +3d — 0,024d*
+3,1-107*d>! +7,84-107%d5 — 1,97 - 10712472 =22+ 22 (3)

rIe ¢ — BIAXHOCTh BO31yxa, %; | — OSHTAIbIUSA BIIAXHOIO BO3/YyXa, KI[)K/KF, d — ero
BJIArOCojIep>KaHue, I/Kr.

[Tpu w3menenunn sHTanbIHH OT 39 10 385 xJx/kr u Brarocoxepkanus ot 10 mo 110 r/kr
CpeIHsisi OTHOCHTENbHAsl MOTPEUIHOCTh MO AaHHOM Qopmyne coctaBiser 5,9 %. IlorpemHocTts
YBEIMYUBACTCS MPU MaJIbIX 3HAYEHUSAX (P, KOTJIa, HA[pUMEP pPacueTHOE 3HAY€HHE OTHOCUTEIbHOM
BIaXHOCTH ¢ = 3,12 % Bmecto @ = 5 % mo auarpamMMe (pa3HOCTb 3TUX 3HAUEHUN MEHBIIE, YeM
MOTPEIIHOCTH IMOKa3aHU OOBIYHBIX THTPOMETPOB) Jae€T OTHOCUTEILHYIO TorpenrHocTs 6=—37,59%.

Ecnu u3BecTHBI 3HaU€HUS TEMIEPaTyphl U BIArocoep>kaHusi, TO OTHOCUTEIbHYIO
BJI&KHOCTh MOKHO HaiiTH 110 opmyiie (¢ = f(t,d))

~ 066 17590 114,3 204
¢ = (26’8(d —-01)  e(d—65,183) | —(d—65183) (d—50) 4 o—(d-50) o(d—90) 4 o—(d—90)
146,48 43,6
~ o(d—80) 4 o—(d-80)  o(d—40) 4 o—(d—40) +4d4+ e(d—20) 4 o—(d-20)
36,8 9350
+ e(d—30) 1 e-(d-30) + o(d—105,731) + e—(d—105,731)) '

1
. exp — [( 0,0002d + 3 -10~d% — 0,00022d + 0,064 + dg) ] +
75d + 475 — ———222

e(d-2) yo—(d-2)
£(0,01d+1,3)

—3-107%d> + 2-10712d%0%5% —

+ +0,047d + 0,3+ 1,8-107%d> —

55 30
o(d—75) - (d—75) + o(d—45) 4 o—(d—45) (4)

rIe ¢ — BIAKHOCTh Bo3ayxa, %; d — BiarocojepikaHue BO3ayxa, r/kr;t —temmeparypa, °C;
e=2,7182818.

[Tpu u3menenun Biarocogepxanus or 10 mo 110 r/kr u temmeparypst ot 0 mo 100 °C
CpeIHssl OTHOCUTENbHAS OTPEIIHOCTh JaHHOU (opMyibl 6 = 1,5 %.

Ecnu u3BecTHBI 3HaU€HUS BIQXKHOCTH U BIIArOCOJIEPKaHus, TO TEMIEpaTypy BO3ayXa
MOYHO onpenenuTh o dpopmyie (t = f(@,d))

2 37 0,0564%26
~0,0042d” + 0,618d + 1364 — ey 80 (oo + 1.2)

1,02 01 —0,0012d+0,765)
((P + 5)(d0'307 - e(d—70)+e—(d—7o)) ((P + 5)( +0,765)

~¢(3,7-107*d + 0,011 +

t =

0,065 0 59 5
e0,1(01—70)_,_6—0,3(d—70) aLs (9

rae t —temneparypa, °C;d — Biarocojmep:kaHue BO3ayxa, T/KT; (¢ — BIXHOCTh BO3Iyxa, %; € —
2,7182818.

[Tpu usmenenuu BnaxHoctu oT 5 10 100 % u Bnarocoaepxkanwust ot 2 10 110 1/kr cpenusis
OTHOCHTEJIbHAs TIOTPELIHOCTh JaHHOU dopMyiibl 6 = 1,4 %.

Ecnu u3BeCTHBI SHTANBINS U BIATOCOIEpPKaHUE , TO TEMIIEPATypy BO3IyXa MOKHO HAlTH U3
cnenyromei popmyisl (t = f(i,d))

t = (—1,46 -1073d + 0,98)i + 0,003d2%%8 — 2,462d + 0,8/d°2,  (6)
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raet —temneparypa, °C; d — Biaroconep)kaHue BO3AyXa, I/KT;1 — SHTAJIbBIHUS BJIAXHOTO BO31yXa,
kJDx/kr. [lpu n3amenenun Biarocoaepkanus ot 2 a0 110 r/kr u sHTamenuu ot 2 10 385 kJDx/Kr
CpeIHsIs OTHOCUTEIbHAS TIOTPEITHOCTh JaHHOH dopmyiisl 6 = 1,5 %.

Ecnu m3BECTHBI SHTAIBIUSA U BIAXHOCTh, TO TEMIIEPATypy BO3/lyXa MOYKHO BBIYHCIUTH I10

bopmyne (t = f(i, ¢))
t= (524 -0,075¢ + 6,5) . (lgi)(0,0075q)+1,66) + (_1’02@0,94 + 18,4 + 0’01@1,934_9 )
95 7 310

-14 .7
10 " 2.7(0-10) 4 2 7-(9-10) ~ 2 7(¢-20) 7 7-(9-20) + 2,7(-65) 1 2 7-(@-65) +
o) lgi— (267007 + 67,7 + 0,010%12-2,67
21..11 35,5 29,56 9,2 3
107%™ 2,7(@-10) 42 7-(9-10) 3 7(©-20) 4 7-(9-20) 3 7(@-30) 2 7-(9-30) 3 7(-20) 4 7-(9-40) +
860 ) 2,5 7
2,7(®-65) 12 7-(9-65) 2,7((9-80).}.2,7-(@-80))' ( )

raet —remmeparypa, °C; ¢ — BIQXHOCTh BO3/yXa, %;l — SHTAIbIMS BJIAKHOTO BO3IyXa, KJK/KT.
[Tpu m3MeHeHuu BiaakHOCTH Bo3ayxa oT 5 10 100 % u sHTanmenuu ot 2 10 385 kJx/Kr cpemusis
OTHOCHUTEIIbHAS TOTPEITHOCTh NaHHOK Gopmyisl 6 = 1,4 %.

Ecnu u3BecTHBI BIKHOCTh U TEMIIEpaTypa BO3yXa, TO BIArocoiepkaHue BO3ayXa MOXKHO
BeIUMCIIHTH 110 opmyite (d = f (@, t))

d = —0,012t - (8-1075¢3 — 0,0165¢2 + 0,9(1 + ¢)) + (1,8Inp — 1,2)

0,3015¢t
1,574 -1073 - (108 0,02 16 2800
£ 1,104+ 10710407 4 " e F T o
134 +(2) ¢ (e ®
0,18([)2’26

19 + 0,053 232

—1,1+5-107%1p",
(8)

raed — Biarocoaepanue Bo3ayxa, I/kr;t —temmeparypa, °C; ¢ — BIaXHOCTh BO3ayxa, %. Ilpu
U3MEHEHNHU BIaXHOCTH OT 5 10 100 % m Ttemneparypsl o — 8 1o 99 °C cpenHss OTHOCHUTENbHAS
MOTPEIIHOCTh JaHHOU hopmyibl & = 2,2 %.

Ecnu 13BeCTHBI SHTANBNNS U BIAKHOCTh, TO BIAroco/iep>KaHue BO3yXa MOXKHO BBIYUCIUTh

o popmyned = f(i, @)
—0,124) _ 1

0,8i2'56 .

d — 0]029([)0,724 . i(1,979(p — (9)

’
1,3
( 0‘9+0,0024(p +2,18>

rae d — Biarocojep:kaHue BO3ayxa, I/Kr;( — OTHOCHTENIbHAS BIQKHOCTh BO3IyXa, %;i — SHTAIbIHS
BIIXXHOTO Bo3ayxa, KJ[x/kr. [Ipu usmenenun Bnaxuocta Bo3ayxa ot 10 o 100 % u sHTANBINM OT
39 o 385 xJIx/Kr cpeqHssl OTHOCUTEIbHAS MOTPEIIHOCTh JaHHOM (popmyiiel 6=1,8%.

Jliss HaXOXKACHUS BJIArOCONEP)KAHMSI, €CIIM M3BECTHO TMapIMalibHOE JaBJICHHUE BIIAXXHOTO
BO3/yXa, MOXHO BOCIIOJIb30BaThCA ClEAyIoLIel (hopmMyon

d =65p—0,12, (10)

rie d — BnarocojepkaHue Bo3ayxa, I/KT; p — MapuyalibHOE JTaBJICHHE BIAKHOTO BO3ayxa, Klla.

MatemaTuueckre BbIPaK€HHUS MOTYYHINCh TPOMO3AKUMHE, OJTHAKO, OYyYd BBEIEHHBIMU OJMH
pa3 B NaMATh BBIUYMCIMUTEIBHOTO YCTPOWCTBA, MO3BOJSIOT HE TOJBKO JIETKO HAXOAWTHh HYKHBIE
napaMeTpbl BO3[yXa, HO W IPOTHO3UPOBATh pabOTy pa3IMYHbIX CUCTEM KOHIWIMOHUPOBAHMS, a
TaKXe YIPaBJIATh UX pabOTOH B peKUME PeaIbHOI0 BPEMEHH.
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JIJist OLlEHKH TMOTPEIIHOCTH aHATMTUYECKOTO pacueTa MapaMeTpoB BIAXKHOTO BO3AyXa IO
ypaBHeHussM (1) — (9) ObLIM mpoBeaeHBbI BBIYUCICHHS IS Pa3IMYHBIX 3HAYEHUW TEPEMEHHBIX,
pe3yJIbTaThl KOTOPBIX CBEACHBI B TaOnumbl 1 — 8. O003HAUEHUsI ¢ MHIEKCOM «» COOTBETCTBYIOT
JaHHBIM JUArpaMMbl, HOMEP B KPYIJBIX CKOOKax IMOKa3bIBaeT HoMEp (GOpMyIibl, MO KOTOpPOM
MIPOBOMIIMCH BBIUMCIICHHS, OTHOCUTEIIbHAS MTOTPEIIHOCTh 0003HaueHa OYKBOH 0.
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Tabnuua 1 — 3aBUCHMOCTB 3TABIIMU BO3/IyXa OT €r0 TEMIIEPATYPhl U BJIATOCOJCPKAHUS
Duranenus Bosayxa i, kJx/kr; i = f(t,d)

d =10 r/kr d =20 r/xr d =30 r/kr d =40 r/kr
in°Cl (1) | 8% |i,°C| (1) 8,% | in°C | (1) | 8,% |in°C| 1) | 3%
95,5 | 96,73 | 1,26 |140,3 | 140,66 | 0,21 178,1 | 175,7 | -1,31 [192,7 | 192,7 | 0,00
80,5 | 81,43 | 1,22 |123,1 | 122,94 | -0,20 158,8 | 158,7 | -0,05 |174,3 | 174,3 | -0,02
66,6 | 68,17 | 2,33 |106,4 | 106,27 | -0,15 1425 | 141,7 | -0,53 |164,2 | 1645 | 0,15
59 60,83 | 2,96 | 98 98,98 0,95 134,11134,7| 0531584 | 158,0| -0,25
54 5491|159 1922 | 93,77 | 1,72 126,5 | 125,7 | -0,63 |153,4 | 153,1 | -0,17
49,86 | 50,83 | 1,95 | 88 89,08 | 1,23 1215|1220 | 0,42 |149,2149,3| 0,09
46,9 | 47,77 | 1,80 | 84,6 84,60 0 118,21 118,7 | 0,46 |146,2 | 146,0 | -0,13
44,4 | 4522 | 1,82 | 81,3 82,30 1,25 1152 | 114,7 | -0,38 |144,1 | 1439 | -0,19
42,3 | 42,67 | 0,83 | 79,2 80,22 1,30 112,7 | 112,3 | -0,33 [141,6 | 140,6 | -0,72
40,6 | 40,63 |-0,03 | 77,5 78,14 0,80 110,6 | 110,0 | -0,56 [139,1 | 1384 | -0,48
39,4 | 39,61 |057 | 754 76,05 0,84 108,5 | 108,1 | -0,31

Ouransnus Bo3ayxa i, KIx/xr; i = f(t,d)
d =50 r/xr d =60 r/kr d =70 r/kr d =80 r/kr

pC @ 8% | iC| @) | 8% |in°C| @) | 8% |in°C| @) | 8%

2246 | 2254 | 0,36 | 256,4 | 2566 | 0,07 | 2874 | 2874 | -001|2971]| 2972| 0,05
206,1 | 206,0 | -0,07 | 236,7| 2374 | 0,27|2673| 2678 0182853 | 2858 | 0,17
1957 1955 |-0,10 | 2258 | 226,14 | 0,11 | 2560 | 256,3| 0,11 |278,2| 2779 | -0,13
189,0 | 188,8 | -0,07 | 218,7| 218,7 | 0,01 | 2485 | 248,2| -0,09 | 2724 | 2720, -0,13
183,5| 1838 | 0,17 | 213,7| 2131 |-0,28 | 2426 | 242,5| -0,05| 267,3 | 267,3| -0,01
1793|1794 | 0,04 | 209,10 | 2091 | 0,03 | 2384 | 238,2| -0,08|2636| 2638 | 0,08
176,4 | 176,1 | -0,18 | 205,7 | 2052 | -0,27 | 2351 | 234,4| -0,28 | 260,2 | 260,2| 0,02
1735|1736 | 0,11 | 2028 | 201,8|-0,50 | 232,1 | 2315 -0,26 | 2573 | 2579 | 0,24
171,4| 1705 | -0,48 | 200,3 | 200,1|-0,09 | 229,2 | 2281 | -0,49 | 2544 | 2555| 0,46
168,4 | 168,3 | -0,06 | 197,8 | 197,3 | -0,25 | 225,8 | 2252 | -0,29

i

Ouraneius Bo3ayxa i, kIk/xr; i = f(t,d)
d =90 r/kr d =100 r/kr d =110 r/kr

i,°C| @) [8,%|iy°C| (@) |[8%|in°C| @) |5%
326,4 | 326,7| 0,10 | 356,2 | 3558 |-0,11 |384,2| 3849 | 017
314,7 | 3136 | -0,34 | 343,6 | 3436 0,00]|3725| 3725/ -0,01
307,5 | 306,4 | -0,37 | 336,0| 336,3| 0,07|364,1| 3638 -0,09
301,7 | 3004 | -0,41 | 329,3| 329,0|-0,11 |357,4| 3570 -0,12
296,7 | 2956 | -0,34 | 324,3| 324,7| 0123528 | 3526 | -0,05
293,3 | 2915 | -0,63 | 3205 | 3204 |-0,03 | 349,0| 3483 -0,21
288,7 | 2885 | -0,08 | 316,3| 316,8| 0,14 | 3453 | 344,0| -0,38
285,8 | 2855 | -0,10 | 313,0 | 3144 | 043 |341,9| 3410 -0,27
283,2 | 2825 |-0,27 | 310,1| 311,3| 0,40 339,4 | 3384 -0,30
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Tabnuua 2 — 3aBUCUMOCTB SHTAJIBIIMHU BO3/IyXa OT €0 OTHOCUTEJIHOW BIAXKHOCTH U TEMIIEPATYPHI

65

Duranenus Bozayxa i, KJDk/kr; i = (@, t)
©=5% @ =10% @ =20% ¢® =30%
t. °C - , , -
s 1 , l , L y l f
KI[)?(/KF (2) 6’ % K,Hfll(/l(r (2) 6' % K,Hfll(/l(r (2) 8' % KI[}?(/KF (2) 6' %
0 0,25 | 0,22 10,87 | 0,67 0,95 41,07 1,7 190 |1147 | 29 2,77 -4,31
10 11 |10,19 |-7,39 11,7 11,93 1,92 134 (14,25 | 6,36 | 159 16,37 2,93
20 22 20,79 |-5,51 24 23,87 | -0,55 27,6 (28,30 | 2,53 | 31,8 (32,38 1,84
30 | 335 [3252]2,92 | 36,9 | 3722 | 085 | 44,3 [44,95 | 146 |524 [5231 | -0,17
40 46 45,67 |-0,72 | 52,5 | 52,61 0,20 65 |6561 | 0,94 | 77 |78,52 1,97
50 60,2 |60,66 | 0,77 70 70,97 1,39 92 192,47 | 0,51 |111,8 114,85 | 2,73
60 | 758 |7812 306 | 922 | 9368 | 161 | 1282 |0 | 052 1663 167,46 | 0,70
70 945 198,94 (4,70 | 123,6 | 122,70 | -0,73 180,3 173’9 -0,18 |240,5 46,28 | 2,40
80 | 1205 | "% 325 | 1634 | 16093 | -151 | 2518 | | 0,79 3603 B67.29 | 1,94
90 151,7 152’3 3,07 217 | 21256 | -2,05 | 357,8 365’5 1,34
100 | 196 [P0 071 | 212 | 28372 | 431
Duranbnus Bo3ayxa i, KJLk/kr; i = (@, t)
© =40% @ =50% @ =60% ©=70%
t, °C - . - -
KIEE/’KF (2) 8’ % KI;)LIE/,KI‘ (2) 6' % K;f(/’l(r‘ (2) 8' % KI;)?{/’KF (2) 6' %
0 3,8 3,71 |-2,41 4,6 4,70 | 2,18 59 572 | -2,97 | 6.7 6,74 0,63
10 |18,1 |18,43 |1,85 20,5 20,48 |-0,10 23 2249 | 224 | 24 24,43 1,78
20 | 355 (36,31 (2,29 39,1 | 40,11 |2.99 42 43,77 | 4721|463 | 47,26 2,08
30 58,1 [59,44 (231 64,2 | 66,33(3,32 | 709 7295 | 289|771 | 7927 2,81
40 88 91,31 |3,76 | 100,6 | 103,82 |3,21 |113,1 | 11595 | 2,52 |126,5 |127,60 0,87
50 |133,2 |137,71 |3,39 | 156,7 | 160,58 | 2,48 [179,3 | 183,10 | 2,12 |204,1 |205,03 0,45
60 [203,6 (208,32 |2,32 | 2392 | 250,29 | 4,64 |281,6 | 29248 | 3,86 [323,9 |334,25 3,20
65 | 249 (257,38 |3,36 | 299,2 | 314,27 | 5,04 |353,6 | 372,12 | 5,24
Duranbnust Bozayxa i, KJx/kr; i = (@, t)
© =80% ® =90% @ = 100%
PC bl o) (sl | @ law| | @ |6%
K JDK/KT ' K JIw/xr ' K JDK/KT '
0 7,1 7,71 8,57 7,9 7,71 | 8,53 9,2 9,29 0,94
10 | 25,1 |26,26 | 4,64 | 27,2 26,26 | 2,79 | 29,3 29,46 | 0,54
20 | 49 [5056 | 3,19 | 528 | 5056|159 | 57 | 56,45 | -0,96
30 |84,6 |8525 | 0,77 | 91,3 85,25 |-0,48 |100,8 | 96,09 | -4,67
40 (1379 138,72 | 0,60 | 150 | 138,72 (-0,49 |166,4 | 159,20 | -4,3
50 |226,3 226,19 |-0,05 | 248 | 22619 |-0,61 |278,4 | 26584 | -4,51
55 |286,8 290,56 | 1,31 | 318 | 29056 | 0,29
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Ta6n1/1ua 3 — 3aBHCHUMOCTHh OTHOCHTEILHOMN BIAKHOCTH BO3J1yXa OT SHTAJIBIIMH U BJIArOCOACPKAHUSL

OTHOCHUTENbHAS BIKHOCTD Bo3ayxa @, %; @ = f(i,d)
®, % d =10 r/kr d =20 r/kr d =30 r/kr d =40 r/kr
e | @ 3% | @ 8% | | @ 3% k| @) 8%
5] 955| 3,12 +37,59 | 1404 6,27 | 25,33 | 1404 | 6,78 | 35,62
10| 80,4 | 8,27 }17,25 | 123,2 11,24 | 12,38 | 123,2| 12,57 | 25,67 |192,7 | 12,29 | 22,91
20| 66,6 | 19,15 | -4,23 | 106,4 21,84 9,21 | 106,41 21,89 9,46 |174,3 | 22,61 | 13,07
30| 59,1 3059 | 196| 98,0 32,08 6,95 98,0 | 30,63 | 2,10 |165,8 | 31,58 5,2
40 | 54,1 | 4182 | 455 | 92,2 42,70 6,75 92,2 | 42,46 6,14 |158,4 | 43,08 7,69
50| 53,3| 54,11 |15 88,0 52,67 5,33 88,0 | 5325 | 6,51]1534 |5350| 7,01
60 | 47,3 | 63,28 54| 84,6 62,40 4,00 84,6 | 62,09 | 3,49 |149,2 | 64,23 7,05
70| 449 | 72,7| 3,86 | 81,3 73,96 5,65 81,3 | 71,08 1,54 1146,2 | 73,03 4,32
80| 429 | 81,84 23| 79,2 82,21 2,76 79,2 | 79,83 | -0,22 |144,1 | 80,03 0,04
90| 40,9 | 91,19 13| 775 89,43 0,63 77518792 | -2,31 11416 | 89,31 | -0,76
100 | 39,4 | 99,24 | -0,76 | 75,4 99,27 0,73 75,4 196,80 | -3,20|139,1|99,61 | -0,39
OrHocuTenbHas BIAXHOCTB Bo3ayxa (P, %;¢ = f(I,d)
d =50 r/kr d =60 r/kr d =70 r/xr d =80 r/kr
CHl 0Ty [sm| w | @ |ow| o | @ |ow| o | @ |s%
K JIoK/KT ' KJK/KT ' K JK/KT ' K JIK/KT !
10 |224,6 | 11,63 116,33 | 256,4 | 10,39 | 3,85 | 287,4 9,03 | -9,72
20 1206,1 | 21,76 | 8,81 | 236,7 | 21,15| 573 |267,3| 20,13| 0,65|297,1| 19,61 1,94
30 (1957 | 32,93 | 9,77 | 2258 | 32,65| 8,83 |256,0| 3165| 549|2853| 31,38| 4,60
40 |189,0 | 43,47 | 8,68 | 218,7| 43,67 | 9,17 (2485 | 42,75| 6,88 | 2782 | 41,35 3,37
50|183,9 | 53,71 | 7,41 | 213,7| 5366 | 7,31 (2426 | 5392 | 784 |2724| 51,68 3,35
60 | 179,3 | 6524 | 8,74 | 209,1| 64,77 | 795|2384| 6355| 591 |267,3| 62,39 3,98
70 |176,4 | 73,83 | 547 | 205,7| 74,20 | 6,01 |2351| 7239 | 3441|2636 | 71,72 2,46
80 |173,5| 8350 | 437 | 2028| 8351 | 4382321 | 8104| 1,30|260,2| 81,08 1,35
90 |171,4| 91,12 | 1,25| 2003 | 92,33 | 2,59 |229,2| 90,63 | 0,70 |257,3| 90,16 | 0,17
100 | 168,4 {10290 | 2,90 | 197,8 | 101,99 | 1,99 | 225,8 | 102,84 | 2,84 | 254,4 | 99,99 0,01
OTHocHTeNbHAs! BIQKHOCTB Bo3ayxa (P, %; ¢ = f(I,d)
d =90 r/kr d =100 r/kr d =110 r/kr
PHL b [ g [sw| | @ |sw| v | @ |sw%
K JIok/Kr e JIow/r i JIok/Kr
20 1326,4 | 19,33 | 3,34 | 356,2| 18,73 | 6,36 | 384,2| 20,50 | 2,49
30|314,7 | 30,96 | 3,20 | 3436 | 30,83 | 2,78 | 3725 | 30,97 | 3,22
40 | 3075 | 40,49 | 1,23 | 336,0| 40,72 | 1,80 |364,3| 41,41 | 3,52
50 [301,7 | 50,20 | 0,40 | 329,3| 51,75| 3,51 |359,1| 49,93 | -0,15
60 | 296,7 | 60,14 | 0,24 | 3243 | 61,74 | 2,90 | 353,2| 61,57 | 2,62
70 1293,3| 67,74 | 3,24 | 3205| 70,35| 0,50 |349,0| 7148 | 212
80 [288,7| 79,60 | 050 | 316,3| 81,21 | 1513453 | 81,72| 214
90 (2858 | 88,10 | 2,11 | 3130 | 90,97 | 1,08 |3419| 91,95| 217
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100 | 283,2 | 96,02 | 3,98 | 310,1 | 100,38 | 0,38 | 339,4 | 100,44 | 0,44
Tabnuna 4 — 3aBUCMMOCTh OTHOCHUTEIBHOM BIAXKHOCTH BO3yXa OT TEMIIEPATYPhl U BIAroCOAeP KaHuUs

OTHOCHTEIIbHAS BIAKHOCTB Bo3ayxa (P, %;¢ = f(t,d)

d=2r/kr d =10 r/kr d =20 r/kr d =30 r/kr
©, % (4 | 8,% | 9% (4) 0,% | @p%| (4) | 0,% | @ %] (4) | 5, %
5| 497 ]|-057 5 514 2,72 5| 484 -3,15 5| 498 -0,46
10 | 10,46 | 4,60 10| 10,00 0 10| 954 | 4,65 10| 9,62 ] -3,83
20| 20,21 | 1,05 20| 1948 | -261 20| 20,76 | 3,82 20 119,84 | -0,80
30| 31,25 | 4,17 30| 2890, -3,66 30 | 29,90 | -0,34 30 130,15 | 0,48
40 | 40,96 | 2,41 40 | 40,15 0,39 40 | 39,03 | -2,42 40 | 40,23 | 0,58
50 | 49,48 | -1,03 50 | 50,66 131 50 | 49,80 | -0,41 50 |50,19 | 0,37
60 | 60,50 0,84 60 | 62,33 | 3,89 60 | 59,01 | -1,65
70| 70,35 0,49 70 | 71,17 | 1,67 70 | 7153 | 2,18
80 | 82,05 2,57 80 | 79,53 | -0,59 80 180,73 | 091
90 | 93,10 3,44 90 | 88,92 | -1,20 90 | 90,68 | 0,75
100 99,31| -0,69| 100)9948| -0,52| 100 |99,23| -0,77

OTHoOCHTEIbHAs BIKHOCTE Bo3ayxa (P, %;¢ = f(t,d)
d =40 r/kr d =50 r/kr d =60 r/kr d =70 r/kr

0% ) |8,% | @u%| @) |8% |@.%| @) | 8% |0.%| (4 |5 %

10| 981 |-194 10| 10,08 0,84 10 | 10,23 | 2,33 10 9,97 | -0,28
20 | 20,06 | 0,31 20| 20,28 | 1,39 20 | 19,72 | -1,42 20| 19,66 | -1,71
30 | 30,46 | 1,54 30| 3081 2,71 30 130,39 | 1,30 30 | 29,26 | -2,47
40 | 40,64 | 161 40 | 40,86 | 2,16 40 | 40,40 | 1,00 40 | 39,66 | -0,86
50 | 50,41 | 0,82 50| 50,54 | 1,07 50 | 50,66 | 1,33 50 | 49,86 | -0,28
60 | 60,24 | 0,40 60| 61,19 | 1,98 60 | 60,53 | 0,88 60 | 59,20 | -1,33
70 | 69,97 | -0,05 70| 70,71 | 1,02 70 | 71,41 | 2,02 70 | 69,10 | -1,28
80| 77,35 | -3,32 80| 78,68 |-1,65 80 180,82 | 1,02 80| 77,76 | -2,81
90 | 89,97 | -0,08 90| 90,19 | 0,21 90 | 88,50 | -1,66 90| 89,65 -0,39
100 | 99,56 | -0,44 100 | 99,47 |-053| 100)99,78| -0,22| 100 | 101,00 | 1,00

OrHocHTeIbHAs BIAKHOCTB Bo3ayxa (P, %;¢ = f(t,d)
d =80 r/kr d =90 r/kr d =100 r/kr d =110 r/kr

0% @) [ 5% |0 %| @) 8% |0,%| @) | 5% [0, %] @) | 8%
20| 20,26 | 1,29 20 19,56 | -2,19 20 (20,16 | 0,81 20 19,97 | -0,14
30| 30,48 | 1,61 30 30,47 | 1,56 30 (29,77 | -0,76 30 28,88 | -3,74
40 | 41,22 | 3,05 40 39,52 | -1,19 40 | 39,65 | -0,87 40 38,55 | -3,63
50 | 51,54 | 3,07 50 4947 | -1,06 50 { 50,31 | 0,62 50 48,73 | -2,54
60 | 62,32 | 3,87 60 59,45 | -0,91 60 | 59,14 | -1,43 60 57,25 | -4,59
70 | 71,72 | 2,46 70 70,00 | 0,00 70 | 69,73 | -0,38 70 67,54 | -3,52
80| 82,24 | 2,81 80 78,77 | -1,54 80 | 80,48 | 0,60 80 79,97 | -0,03
90 | 90,87 | 0,96 90 88,71 | -1,43 90 | 88,63 | -1,52 90 89,97 | -0,03
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100 | 99,96 | -0,04 100 99,99 ]-0,01] 100)100,1] 0,10 100 | 99,85] -0,15

Tabnuia 5 — 3aBUCHMOCTh TEMIIEPATYPhl BO3/1yXa OT OTHOCHTEIBHON BIAKHOCTH U BJIAr0COEPIKaAHUS
Temneparypa Bozayxa t,°C;t = f (¢, d)

@, % d=2r/xr d =10 r/kr d =20 r/kr d =30 r/kr
t,°C| (5) | 8,% |t,°C (5) 3,% |t,°C| (5) | 8,% |t,°C| (B) | 6,%
5 37 | 36,69 |-0,85 70 69,81 | -0,27 87 186,59 |-0,47 95 |96,42 | 1,49
10 | 249 | 25,16 | 1,03 | 55 54,74 | -0,47 70 (70,16 | 0,23 79 79,55 | 0,69
20 | 14,5 | 13,82 |-4,94 42 40,20 | -4,48 54 153,96 |-0,07 63 |62,67 |-0,52
30 68 | 733 | 729 | 34 32,64 | -4,01 47 145,38 |-3,45 54 53,61 |-0,72
40 25 | 261 | 407 | 29 27,78 | -4,40 | 42 39,81 |-5,20 48 |47,67 |-0,69

50 0 -1,28 25 24,29 | -2,93 | 37,5 (3580 |-4,54 | 445 |43,35 |-2,58
60 22 21,60 | -1,86 33 (32,70 |-0,92 41 40,00 |-2,44
70 195 | 19,42 | -0,39 31 |30,19 |-2,60 38 |37,28 |-1,89
80 17 17,60 3,42 29 128,10 |-3,09 | 355 |35,01 |-1,39
90 15 16,03 6,45 27 26,32 |-2,53 33 33,05 | 0,15
100 14 14,66 4,48 25 |24,75 |-0,99 32 (31,34 |-2,07

Temneparypa Bozayxat,°C;t = f (@, d)
d =40 r/kr d =50 r/kr d =60 r/kr d =70 r/kr

o
PP o] G 8% t,oc| ) |8.%|tuC| 6) | 8% |t,°C| ) | 5%

10 86 | 86,58 | 0,67 | 915| 9222 | 0,78 | 955|96,76 | 1,32 99 | 100,83 | 1,85
20 69 | 69,30 | 0,44 74| 7466 | 090 | 7857894 | 057 82| 8390 | 2,32
30 60 | 59,92 | -0,13 | 645| 6505 085| 6856909 | 086 | 722 | 7417 | 2,72
40 54 | 53,73 |-050| 585| 58,66 | 0,28 6216248 | 0,78| 655| 67,38 | 2,87
50| 495 | 49,20 | -0,61 54 | 53,97 | -0,06 57 15759 | 103| 601| 62,15| 3,42
60 46 | 45,67 | -0,73 50| 50,28 | 057 | 535|53,72| 041 56,3| 57,87 | 280
70 43| 42,79 | -0,50 47| 47,27 | 0,58 50 | 50,53 | 1,06 53| 54,22 | 2,30
80 411 40,36 | -155| 448 | 44,73 ]-0,16 47 14782 174| 50,5| 51,01| 1,01
90 38 | 38,28 | 0,73 42| 42,53 | 1,27 | 4554546 | -008 | 475| 4812 | 132
100 36 | 36,44 | 1,23 40| 40,60 1,49 43 143,37 | 0,86 451 4549 1,09

Temneparypa Bo3ayxat,°C;t = f (@, d)

d =80 r/kr d =90 r/kr d =100 r/kr d =110 r/kr
%

@ w C|l (5) |9,% | t,°C (5) 3, % | t,°C| (5) | 8,% |t,°C| (5) 3, %
20 | 84,5 | 8555 | 1,24 87| 87,91 | 1,05 89 189,64 | 0,72 91| 90,77 ] -0,25
30| 748 7548 | 0,91 771 77,82 1,07 79 179,53 | 0,67 81| 80,67 | -0,40
40 68 | 68,68 | 1,00 70| 70,99 | 1,41 73 | 72,66 | -0,46 74| 73,79 | -0,28
50 63 | 63,60 | 0,96 65| 6587 1,34 676751 | 0,77 | 685 | 6862 | 0,18
60 59 | 59,57 | 0,96 61| 61,81 | 1,32 63 | 63,41 | 0,65 65| 64,49 -0,79
70 56 | 56,23 | 041 | 576| 5844 | 145 60 | 60,00 | 0,00 | 615| 61,05 -0,73
80 53] 5338 0,71 55| 5555] 1,01 57 157,08 | 0,14 58| 58,10| 0,17
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90 51 | 50,88 | -0,23 | 525 | 53,03| 1,01 55 | 54,52 | -0,86 56 | 55,50 | -0,88
100 49 | 48,66 | -0,69 50| 50,79 | 1,58 | 52,5]52,24 | -0,49 53| 53,19| 0,36
Ta6numa 6 — 3aBUCHMOCTH TEMIIEPATyPhl BO3yXa OT SHTAJIBIIUK U BJIAroCoAepKaHust
Temneparypa Bozayxa t,°C;t = f(i,d)
d=2r/kr d =10 r/kr d = 20 r/kr d = 30 r/kr
tp,°C | (6) | §,% |t,°C| (6) 0,% |t,°C| (6) | 6,% |[t,°C| (6) | §,%
36 36,7 2 70 68,85 | -1,64 87 86,04 | -1,10 | 95 |96,44 | 151
22 22,4 1,8 55 53,88 | -2,03 70 69,71 | -041 | 79 |78,39 | -0,77
11 12,5 42 40,54 | -3,49 54 |53,77 | -0,42 | 63 [63,10 | 0,15
5,8 6,8 346 | 3325 | -3,89 47 4581 | -2,54 | 57,5 |58,00 | 0,86
18 3,1 29 28,40 | -2,07 42 140,63 | -3,27 | 48 |48,19 | 0,39
-1 0,3 25 24,36 | -2,58 | 37,5 |36,25 | -3,34 | 44,5 |43,48 | -2,29
-3 | -22 22 21,52 | -2,16 33 (33,06 | 0,18 | 41,3 |40,34 | -250
195 | 19,10 | -2,07 31 (29,87 | -3,64 | 355 |37,21 | 4,80
17 17,07 0,44 29 (27,88 | -3,86 | 354 |35,24 | -0,44
15 15,05 0,35 27 (26,29 | -2,64 | 33 [33,28 | 0,86
14 14,24 1,74 25 (2429 | -282 | 32 |31,32 | -2.12
Temneparypa Bo3ayxat,°C;t = f(I,d)
d =40 r/kr d =50 r/kr d =60 r/xr d =70 r/kr
t,°C| (6) | 8,% | t;,°C (6) 3, % | t,°C| (6) | 8,% |¢t,°C (6) 3, %
86 | 85,26 |-0,86 | 915| 90,01 |-163| 955 |94,61| -0,93 99 | 98,34 | -0,67
69 | 68,27 | -1,06 74| 73,29 |-096| 785 | 77,04 | -1,86 82| 80,68 | -1,61
60 | 59,00 | -166 | 645 | 63,79 |-1,10 | 68,5 |67,32 | -1,72 72| 70,75 | -1,73
54 | 5360 |-0,75| 585 | 57,71 |-1,35 62 | 60,96 | -1,67 65| 64,13 | -1,34
495 | 48,96 | -1,08 54 | 52,77 | -2,28 57 | 56,48 | -0,92 60 | 58,98 | -1,70
46 | 45,10 | -1,95 50| 48,97 |-2,06| 5355236 | -2,13| 56,3| 55,30 -1,77
43 | 42,40 | -1,40 47 | 46,31 | -1,47 50 | 49,37 | -1,26 53 | 52,36 | -1,20
41 | 40,47 | -1,30 44,8 | 43,65 | -2,57 47 1 46,75 | -0,52 | 50,5 | 49,79 | -1,41
38 | 38,15 | 0,40 42| 41,75|-0,60 | 4551|4451 | -218| 475 | 47,221| -0,60
36 | 35,83 | -0,46 40 | 39,09 | -2,28 43 | 42,64 | -0,84 45 | 4427 | -1,62
Temneparypa Bozayxat,°’C; t = f(I,d)
d =80 r/kr d =90 r/kr d =100 r/kr d =110 r/kr
t,°C| (6) | 8,% | t;,°C (6) 3, % | t,°C | (6) | 8,% |¢t,°C (6) 3, %
84,5 | 83,50 | -1,18 87| 85,89 |-1,28 89 | 88,57 | -0,48 91| 89,81 -1,31
74,8 | 73,37 | -191 76 | 75,93 | -0,09 79 | 78,09 | -1,16 81| 80,20 | -0,99
68 | 67,22 | -1,14 70 | 69,89 | -0,16 73 |71,80 | -1,65 74 | 73,33 | -0,90
63 | 62,16 | -1,33 65| 64,91 |-0,14 67 | 66,20 | -1,19 | 685 | 67,84 | -0,96
59 | 57,82 | -2,00 61| 6064 |-059| 6356201 -2,34 65| 64,06 -1,44
56 | 54,56 | -256 | 57,5| 57,80 | 0,52 60 | 58,87 | -189 | 615| 60,97 | -0,86
53 | 51,67 | -2,51 55| 53,89 | -2,02 57 | 56,07 | -1,63 58 | 57,88 | -0,20
51| 49,86 | -2,23 | 525| 51,40 -2,10 55 |5397 | -187 | 556 | 55,14 | -0,83
49 | 48,05 | -1,93 50| 49,62 |-0,76 | 525|51,28 | -2,32 | 535| 53,08 | -0,79
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Ta6n1/1ua 7 — 3aBHCUMOCTh TCMIICPATYPHI BO3AYyXa OT SOHTAJIBIINU U OTHOCHUTCIILHOM BIIQXKHOCTH

Temmneparypa Bosayxat, °C; t = f(I, @)

@=5% @=10% @=20% @=30%

t,°C | (1) [ 8,% | tp°C| (@) | % | tu°C | () | 8,% |t,°C| (7) | 8,%

37 136,87 | -0,35 24,9 24,80 -0,41 145] 1431 | -134 65| 639 -166

70| 70,20 | 0,28 55 55,87 1,58 42 | 42,58 137 ] 348 | 3519 1,12
87 | 86,80 | -0,23 70 69,67 -0,47 54| 54,31 0,58 47 | 46,54 | -0,99
97 19759 | 0,60 79 78,31 -0,87 63 | 62,11 | -1,40| 545 | 54,66 0,30
86 85,10 -1,05 69 | 67,73 | -184 60 | 58,34 | -2,77
91,5 90,58 -1,00 741 7254 | -198| 645]| 6387 | -0,98
95,5 95,42 -0,08 7841 7659 | -231] 685 | 6737 | -1,65
99 99,66 0,66 82 | 80,22 | -2,17 72 71,18 | -1,14

845 | 8342 | -128| 748 | 7422 | -0,77

87 | 86,32 | -0,78 76 | 77,01 1,33

89 | 89,04 0,04 79 | 79,55 0,69

91 | 91,43 0,47 81| 8191 1,13

Temneparypa Bozayxat, °C; t = f(I, @)

@ =40% @ =50% - =60% @©=70%
t,°C| (1) | 8,% | t,°C| (7) |8,% |t,°C| (7) |8% |[t,°C| (7) | 6,%
3,28 | 12,99 0,8 1,20 | 49,58 -7 -6,23 | -11,07 19,5 19,25 -1,28

29,6 | 30,67 | 3,62 25 27,67 | 10,68 22 23,03 | 4,69 31 29,82 | -3,82

42 | 41,22 | -1,87 37,5 37,92 | 113 33 33,65 | 1,96 38 36,73 | -3,33

48 | 48,09 | 0,20 44,5 44,43 | -0,16 41 40,40 | -1,46 43 4181 | -2,77

54 | 53,25 | -1,39 49,5 49,43 | -0,14 46 4544 | -1,21 47 46,00 | -2,12

585 | 5747 | -1,77 54 53,47 | -0,99 50 49,62 | -0,77 50 4958 | -0,85

62| 61,07 | -151 57 5701 | 001] 535 53,22 | -0,52 53 52,77 | -0,43

65| 64,29 | -1,10 60 60,05 | 0,08 | 56,3 56,40 | 0,18 56 5559 | -0,74

68 | 67,20 | -1,17 63 62,88 | -0,19 59 5924 | 041] 575 58,28 1,35

70 | 69,84 | -0,23 65 65,44 | 0,68 61 61,88 | 144 60 60,56 0,93

73| 72,21 | -1,09 67 67,68 | 1,01 | 635 64,18 | 108 | 625 62,78 0,45

Temneparypa Bozayxat, °C; t = f(I, @)

@ =80 % @ =90 % @ =100 %
C @ 8% || @) | 8% || @ | 8%
17,88 | 2,19 15 1491 | -0,61 14 14,27 1,94
289 | 28,11 | -2,72 27 25,77 | -4,55 24,9 24,20 | -2,83
355 | 34,72 | -2,19 33 32,61 | -1,18 31,6 30,60 | -3,16
40,9 | 39,70 | -2,94 38 37,73 | -0,70 36,5 3534 | -3,19
448 | 43,65 | -2,57 42 41,90 | -0,25 40 39,19 | -2,02

47 47,12 | 0,25 45,5 4544 | -0,14 43 42,61 | -0,91
50,5 | 50,22 | -0,56 47,5 4860 | 2,32 45 45,45 1,00

53 | 52,91 | -0,16 51 51,47 | 0,92 49 48,26 | -1,51
55| 5543 ] 0,78 52,5 53,98 | 2,83 50 50,62 1,24
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Ta6n1/1ua 8 — 3aBHCHMOCTD BJIAroCOACPIKAHUA BO3AyXa OT OTHOCHTCILHOM BIAXKHOCTH U TCMIICPATYPhI

Briaroconepxanue Bozayxa d, r/kr; d = f (@, t)
. d, =2 r/kr d, =10r/kr d, = 20r/xr d, =30r/kr
PR T e (ow| & | ® |oaw| 6 | ® |a%| t | © 0%
5| 37 | 1,95|-253 70| 1057| 570| 86,7|2111| 554| 952911 -2,96
10 | 249 | 2,13 6,43 | 549| 11,00| 10,03 70|2186| 932| 793195 649
20| 14,6 | 1,75 }12,67 42| 10,34| 3,37 54 19,80 | -1,01| 63/30,92| 3,06
30| 7,7 | 1,76 111,89 | 34,8| 1007| 066 | 46,7|20,15| 0,74 | 541 |2997| -0,11
40| 35 | 201| 061| 293| 982| -180| 414(2034| 1,70| 482941 | -1,96
50| 06 | 2,21|10,74 25| 9,70| -298| 374|2062| 3,09| 445|3084| 281
60| -2 | 2,25|12,48 22| 994| -059| 3332|1970 | -1,49| 413082 2,73
70| -46 | 2,09| 468| 195| 1013| 1,27 31|2046| 230| 37,7/30,10| 0,33
80| -58 | 2,00]-0,21 17| 999| -008| 287|2057| 286| 3543033 111
90| -6,7 | 1,97 |-1,38 15| 993| -068| 266|2050| 249 | 33,2|30,18| 0,59
100 | -79 | 212| 6,18| 136| 10,16| 164 25|20,77| 3,83| 315/3052| 174
Braroconepxanue Bosayxa d, r/kr; d = f (o, t)
. d, =40r/kr d, =50r/kr d, =60r/kr d, =70r/kr
. % t, @8 |8,%| t, B8 |8,%| t, @8 |8%| t, (8) 5, %
10 | 856 | 41,74 | 435| 913| 5227 | 454| 954 | 6126| 211| 99| 7031| 044
20 69 | 41,00 | 249 | 736| 5056 | 1,12| 783 | 62,32 | 386| 815| 7167 | 2,38
30 60 | 4051 | 128| 645| 5061 | 122| 685| 6139| 231| 71,5| 70,77| 110
40 54 | 4054 | 1,35| 585| 51,18 | 235| 62| 61,10| 183| 65| 7095| 136
50 | 495 | 4052 | 1,30 54| 5146 | 293| 57| 60,17 | 028| 60| 70,20 0,28
60 46 | 40,62 | 1,55 50| 50,40| 0,79 | 535| 60,66 | 1,11| 563| 70,22| 0,32
70 43 | 40,43 | 1,08 47| 5027 | 054| 50| 59,04| -160| 53| 69,21 -1,13
80 41| 4152 | 379 | 448| 51,14| 2,28| 475| 59,19| -1,36 | 50,5| 69,50 | -0,71
90 38 | 39,64 | -0,90 42| 4954|-093| 455| 60,03| 006| 48| 6877 | -1,75
100 36 | 39,57 | -1,08 40| 4964|-0,72| 43| 5872| -213| 46| 69,36 | -0,92
Buiaroconepxanue Bosayxa d, r/kr; d = f (o, t)
. d, =80r/kr d, =90r/kr d, =100r/kr d, =110r/xr
PRI T @ Jow| 6 | ® low| & | ® low| & | @ |o%
20 | 845 8156 | 1,95 87| 90,73| 0,82 89| 9874 -126| 91,5 109,67 | -0,30
30 | 747 8219| 2,74| 76,7| 90,15 0,17 79 | 100,17 | 0,17 81| 109,70 | -0,27
40 68 | 82,22 | 2,78 70| 90,62 | 0,69 | 72,4 101,73 | 1,73| 74 109,82 | -0,16
50 63| 81,73 | 2,16 65| 90,36 | 040| 67| 99,83| -0,17| 68,6 | 108,06 | -1,76
60 59 | 80,74 | 0,93 61| 89,46 |-0,60| 635 101,58 | 158| 65| 109,58 | -0,38
70 56| 80,99 | 1,23| 581 | 90,32 | 036| 60| 9963| -0,37| 61,7 | 108,72 | -1,16
80 53| 79,37 |-0,79 | 552| 89,12 |-098| 57,5| 100,53 | 0,53 | 584 | 10536 | -4,22
90 51 | 80,84 | 1,05 53 | 89,98 | -0,02 55 | 100,09 | 0,09 56 | 105,54 | -4,05
100 49 | 81,81 | 226 | 501| 8688|-346| 526 | 9957 | -043| 54| 107,43 | -2,34
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Tabauia 9 — 3aBUCHMOCTbD BIIArOCO/ICPIKAHMUS BO3/yXa OT SHTAJIIIUK M OTHOCHTEIIbHON BIaKHOCTH
Briaroconepxanue Bozayxa d,r/kr; d = f(i, @)
©=5% ©=10% ©=20% ©=30%
KI:;;/KF ©) KI:;;/KF ©) 3, % KI;?KY/KF ©) ,Z[)l;?/’l(l" ©)
10 | 95,95 13,40 |33,97 | 80,45 | 1198 | 19,78 | 66,62 |10,95| 9,47 59,08 | 10,52 | 5,15
20 [140,37 | 23,64 |18,19 |123,19 | 22,06 | 10,28 | 106,43 | 20,57 | 2,86 | 98,05 | 20,22 | 1,11
30 (178,08 | 33,32 | 11,05 |158,80 | 31,54 512 | 142,46 | 30,37 | 1,25 137,01 | 31,10 | 3,66
40 |192,74 137,24 | -6,90 |174,30 | 3590 | 10,26 | 164,25 | 36,69 | 8,27 [158,38 | 37,45 | 6,39

50 |1224,58 | 45,96 | -8,07 |206,15 | 45,20 9,59 | 195,67 | 46,22 | 7,55 188,97 | 46,93 | 6,15

d,,r/x

T 8, % 4, % 8, %

60 256,43 | 60,61 1,02 | 236,74 | 59,30 | 1,16 [225,84 | 58,88 | 1,87
70 287,43 | 7041 0,58 | 267,32 | 69,41 | 0,84 256,01 | 69,02 | 1,39
80 297,07 | 79,49 | 0,64 285,34 | 79,16 | 1,06
90 326,40 | 89,62 | 0,42 314,67 | 89,52 | 0,53
100 356,15 | 100,0 | 0,05 [343,58 | 99,94 | 0,06
110 384,22 | 110,0 | 0,02 372,49 | 110,5| 0,49

Biiarocoznepxanue Bozayxa d,r/kr; d = f(i, @)

a1/ ©=40% =50 % ©=60% @=70%

3, % 3, %

[ i, [ .
K,I[fl(/xr ©) 3, % KﬂfK/KF ©) 3, % KI[:]K/KF ©) KﬂfK/KF ©)

10 | 54,05 | 10,30 | 2,96 | 49,86 | 10,06 | 0,60 | 46,93 | 999 | 0,13 | 4441 | 992 | 0,84

20 | 92,18 | 20,06 | 0,31 | 87,99 | 20,08 | 0,41 | 84,64 |2015| 0,77 | 81,29 | 20,09 | 0,46

30 126,54 | 29,79 | 0,71 [12151 | 29,74 | 0,87 | 118,16 [ 29,98 | 0,07 | 11523 | 30,20 | 0,68

40 153,35 | 37,84 | 5,39 |149,16 | 38,15 | 4,62 | 146,23 | 3863 | 341 | 14414 | 39,23 | 1,93

50 [183,52 | 47,32 | 5,37 |179,33 | 47,72 | 457 | 176,40 | 4829 | 342 | 173,47 | 48,70 | 2,60

60 218,72 | 58,83 | 1,95 (213,69 | 59,03 | 1,62 | 209,08 | 59,10 | 150 | 205,73 | 59,43 | 0,94

70 248,47 | 68,90 | 1,58 242,60 | 68,84 | 1,66 | 238,41 69,08 | 131 | 23506 | 69,44 | 0,80

80 278,22 | 79,24 | 0,95 [272,35| 79,19 | 1,01 | 267,32 79,14 | 1,07 | 26355 | 79,36 | 0,80

90 307,55 | 89,67 | 0,37 |301,68 | 89,62 | 0,42 | 296,65 | 89,55 | 0,50 | 293,30 | 89,90 | 0,11

100 336,04 |100,01 | 0,01 [329,33 | 99,65 | 0,35 | 324,31 | 99,54 | 0,46 | 320,54 | 99,72 | 0,28

110 364,11 110,37 | 0,34 [357,41 | 109,99 | 0,01 | 352,80 |110,00] 0,00 | 349,03 | 110,13 | 0,12

Buiaroconepxkanue Bosayxa d,r/kr; d = f(i, @)
© =80 % @ =90 % @ =100%

2.4 0 o 0 Ly,
r K JDK/KD ©) 3, % K JIK/KT ©) 3, % K JDK/Kr ©)

10 (42,32 | 9,88 1,24 | 40,64 9,89 | 1,15|39,39| 9,96 0,38
20 79,19 120,29 | 146 | 77552 | 20,54 | 2,70 | 75,42 | 20,60 | 2,98
30 112,71 /130,44 | 1,48 |110,62 | 30,73 | 2,42 108,52 | 30,94 | 3,12
40 (41,62 |3958 | 1,06 |139,11 | 39,83 | 0,42 137,43 | 40,29 | 0,71
S50 171,37 49,27 | 1,46 (168,44 | 49,47 | 1,06 164,25 | 49,17 | 1,66
60 p02,80 /59,79 | 0,36 (200,28 | 60,19 | 0,31 198,19 | 60,66 | 1,10
70 32,13 169,82 | 0,25 (229,19 | 70,12 | 0,17 25,84 | 70,19 | 0,28
80 p60,20 | 79,61 | 0,49 (258,10 | 80,21 | 0,27 56,01 | 80,76 | 0,94
90 Pp88,69 89,70 | 0,33 [285,76 | 90,01 | 0,02 283,66 | 90,57 | 0,63
100 B17,18 |99,94 | 0,06 |314,67 | 100,39 | 0,39 311,32 | 100,49 | 0,49
110 45,26 110,16 | 0,15 |341,90 | 110,29 | 0,26 339,39 | 110,67 | 0,61

dpr/K | i
i i 5. %

73


http://vestnik-nauki.ru/

htto: / /vestnik nauki.ru BecTHuk Hayku u obpaszosarns CeBepo-3anaga Poccm, 2024, T.10, NO1
P: ' ISSN 2413-9858

[TpuBeneM mpuMepbl BHIYUCICHHUS TAPaMETPOB BO3/yXa M0 pa3padOTaHHBIM (opmMyiam.

Ilpumep 1.

Bocnonb3yemcst mpuMepoM, npuBeeHHBIM B padbote [2]. Bo3ayx B kommuecTBe 24000 Kr/u
¢ HavalbHBIMU Hapamerpamu t; = 34 °C, o1 = 35 %, i1 = 65 xJ[x/kr, d1 =11,7 r/Kkr mocrymaer B
KaMepy Ut oxJiaxkaeHus. OnpenenuTs mapaMmeTpsl BO3LyXa IMOciie KaMephl.

[TocpeacTBoM MpoBeneHHOTO TpadoaHAIUTUYECKOrO pacdyera B 3TOM paboTe MOIy4YeHbI
CIIEyIOIIHUEe Pe3yibTaThl: Temreparypa t, = 16,75°C Bo3myxa mocie kamepsl (MHIEKCH 1 u 2
OTHOCSTCSI COOTBETCTBEHHO K ITapaMeTpaM BO3/1yXa JI0 | [ocie KaMmepsl), i2 = 43 kJ[x/kr, ¢2 = 82 %
udz =10,3 r/kr. OnpeaenuM 3TH HapaMeTpsl 10 COOTBETCTBYIOIIMM (GopMyiiam 0e3 nmpruMeHeHus |-
d-auarpaMmbl ¥ OLIEHMM OTHOCHTEIBbHYIO MOIPEIIHOCTD PacyeTa Mo HHUM.

ITo dopmyne ¢ = f(t,d), (4), naxoqum npu 16,75°C u d2 =10,3 r/kr @2 = 85 %,
OTHOCHTENbHAs morpemHocTh 6 = 3,6 %. Jlanee u3 Boipaxkenus (1) momydaem i = 43 xJDK/kr,
OTHOCHTEIbHAs TorpemHocTh & = 0 %. 3amMeTnM, 4TO HaiAs OTHOCHUTENBHYIO BIAKHOCTh (2 = 85
%, MBI MOKEM BOCIOJIB30BaThCs Takxke (GopMynoi (2) sl HaXOXKICHHs SHTAIBIIMHU BO3]yXa,
KOTOpasi TaKkXke JaeT 3HaueHue Iz = 43 kJx/kr.

Ilpumep 2.

Bosayx B koiuuectBe 48000 kr/u ¢ HaganpHBIMU mapamerpamu t; = 28,5°C, g1 =40 %, iy =
54 x/Ix/kr, d1 =9,8 r/kr noctynaer B kamepy s oxiaxaeHus. OnpeaeiauTh napaMeTpbl Bo3ayxa
rocie KaMepsbl.

[TocpeacTBOM aHATUTHYECKOTO pacyera B MpUMepe MmosrydeHsl 3HadeHusl2 = 33,75 kJx/kr u
t, = 12,54°C, mocie yero ¢ nomoripto |-d-auarpamMmbl ObUTH Haii€HBI OCTANIbHBIC apameTpsl: d2
=8,6 r/kr u @2 = 90 %.

Onpenenum no dopmyie (2) METOAOM IAUXOTOMHUHU 3HAYEHUE OTHOCUTENbHOM BIAXKHOCTH,
kotopoe OyneT paBHo 90,1 %, T.e. MPaKTUYECKUE TAKOE XKe, KaK U HaineHHoe 1o |-d-auarpamme.

Hanee no dopmyne (8) mpu t, = 12,54°C u ¢2 = 90,1 % monyuum d> =8,5 r/kT.
OTHOcHTENbHAS TOTPEIIHOCTL COCTaBUT 1,2 %.

ITpumep 3. B kamepe ocymaercs u oxnaxngaercs 10800 kr/4 Boszayxa ¢ HadaabHBIMH
napamerpamu t; = 30°C, @1 = 50 %, i1 = 64,5 xJx/kr, d1 =13,5 r/kr, p1 = 2,1 k[la. Onpenenutsb
napaMeTpsl BO3/yXa MOoCjIe KaMephl.

[TocpeacTBOM aHAIMTUYECKOTO pacuera B MpUMepe ModydyeHsl 3HadeHus p2 = 1,346 klla u
t, = 23,3°C, mocne yero ¢ nomouipio |-d-guarpaMmMel ObUTH HaiiICHBI OCTANBHBIC TAPAMETPBL:i2 =
45 xJIx/xr dz2 =8,5 r/kr u @2 = 47 %.

Omnpexnenum o Gopmyie (10) BemunHy BlarocojiepkaHus, MOACTaBUB B Hee 3HAUCHUE p2 =
1,346 klla, xotopast Oyaer paBHa 8,6 I/Kr, 4TO JAaCT OTHOCUTEIBHYIO TorpentHocth 1,2 %. [anee,
3Hass d2 =8,6 r/kr u t, = 23,3°, mo ¢opmyne (1) Haxomum HsHTa’bmu i2 = 45,6 kJDHK/KT,
OTHOCHTEIbHAs! IOTPEITHOCTh cocTaBUT O = 1,3 %.

3akiaioueHue

HpeI[J'IO)KeHHBIC ypaBHeHI/Ifl IIO3BOJAKOT AHAJIUTUYCCKUM HYTGM C I[OCT&TO‘-IHOI\/JI JJI
MPAKTUYECKUX PACYETOB TOYHOCTHIO OMPENENSATh pa3iuyHbIE MMapaMeTphbl BIAKHOTO BO3/ayXa, HE
MOJIB3YSICh TpU 3ToM Id-guarpamMmoii. DTo, B CBOIO OdYepelb, JaeT BO3MOXKHOCTH IPOBOIHUTH
MOJIETTUpOBaHUE pPAa0OTHl Pa3IMYHBIX CHUCTEM TMOJATOTOBKH BO3AyXa B 3aBHCHUMOCTH OT
NU3MCHAIOIINUXCA €0 napaMeTpOB, a TAaK>XKC€ BBIITOJIHATH HpOFHOSI/IpOBaHI/Ie nux pa6OTBI. KpOMe TOTO,
KOMITBIOTEPHU3AIUS PACYETOB TAKUX YCTPOHUCTB OOJETYHUT MPOCKTHYIO PabOTY U COKPATUT €€ CPOKH.
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